Introduction
There have been many trials of using nanoparticles for organic electronic devices to improve device characteristics or to develop a new device structure. Although some of them expect the quantum size effect, etc., the exact function of the nanoparticle is still unclear in not a few devices. Exploreing the exact function helps to design appropriate nanoparticles and device structures. The organic electric bistable device (OBD) using a nanoparticle is one of such devices that need to be investigated. Various device structures are applied in the solution process or the vapor deposition process [1] [2] [3] [4] [5] , however, the common theory about bistability is needed. The low reproducibility and repeatability of devices have disturbed the elucidation of the theory.
In this report, we investigated condensation and dispersion of nanoparticles in the devices and verified that nanoparticles migrate over tens of nm in a polymer film. The improvement of repeatability by purification of material was also found out.
Experimental
The structure of OBD we have created sandwiches with aluminum the polymer film which mixed the gold nanoparticles [1] . We selected the same material as matrix polymer for the dispersing agent of nanoparticles, in order to improve compatibility by changing the interaction between nanoparticles and matrix polymer. Hyperbranched polymer (HPS) was polymerized from the inimer with styrene frame [6, 7] (Fig. 1) , and gold nanoparticle HPSAu was also synthesized by using HPS as a dispersing agent. HPS is hyper-branched polymer and hence the intermolecular interaction is expected to become small as compared with linear polymer. The organic film was formed on the glass substrate with the deposited lower alminum electrode by spin-coating a 1,2-diclorobenzene solution containing HPS 3wt%, HPSAu 1wt% and 8-hydroxyquinoline (8HQ) 1wt%. The film was annealed at 150 o C in nitrogen for 30minutes and deposited top alminum electrode. Both electrodes and polymer film are 80nm thickness.
The current density-voltage characteristic of the obtained device was measured in vacuum and the devices of ON and OFF state was created. The devices of each state and the films before and after annealing were sliced by the FIB micro sampling method, and analyzed by cross-sectional TEM observation.
Next, HPS was purified by removal of salts, and purified HPSAu was synthesized using purified HPS. Another device was created using these refined materials, and then the effects of purification on the repeatability and reproducibility were evaluated.
Results and discussion
The typical J-V characteristics of obtained OBD are shown in Fig. 2 . The ON/OFF ratio of this device is 10000 or more, and there is a negative differential resistance (NDR) region. This device changed to the OFF state with the pulsed voltage (500 microseconds pulse width) of ±10V, and changed to ON state with the pulsed voltage of the NDR region. The current density in the pristine state was lower than the OFF state, and when arbitrary voltage was Cross-sectional TEM images are shown in Fig. 3 . The films of before and after annealing were spin-coated onto glass substrate, and the devices of ON/OFF state were sandwiched by the aluminum electrodes. The nanoparticles segregated near the interface before annealing, and aggregated by annealing. It was showed that the nanoparticles migrated into the film by applying voltage, however, ON state and OFF state were in the similar nanoparticle dispersion state.
From the cross-sectional TEM image and J-V characteristics of pristine state, the nanoparticles that segregated near the interface aggregated with the increase of surface energy accompanying removal of a solvent, then dispersed toward the opposite electrode from the aggregated point. Chains of nanoparticles shown in the TEM image of ON state with the white circle is implied to function as conduction paths, even in OFF state. It is suggested that switching has taken place by migration of only a small number of nanoparticles. Fig. 4 shows the improvement of the repeatability of the device by purification of HPS and HPSAu. Each point indicates the average of one device and the range of the values in repeating ON/OFF switching 20 times is shown by the error bar. Measurement voltage is 1.8V, which differs from the voltage from which an ON/OFF ratio becomes the maximum. These results demonstrate that purification of material improves not reproducibility but repeatability. Thus, there might have been a contaminant that brings instability of the minute migration in switching, and it was removed by purification. The reproducibility for every device is related to the aggregation of the nanoparticles observed after annealing, and it was supposed to be reduced by the two-dimensional ununiformity of the aggregated particles.
Conclusions
We used hyper-branched polymer HPS for both the dispersing agents of the gold nanoparticles and matrix polymer, and created OBD. The gold nanoparticles migrated over tens of nm in the polymer film by annealing and application of voltages. Improvement in repeatability was attained by purification of material. In creation of the organic electronic devices using nanoparticles, it is required to control the aggregation and migration of nanoparticles. 
